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Abstract [Objectives] To compare metabolic differences between diapausing (Dpre) and non-diapausing Trichogramma
dendrolimi prepupae (NDpre) in order to better understand the diapause mechanism of this species. [Methods] Liquid
Chromatography-Mass Spectrometry (LC-MS) was used for metabonomic analysis. PCA, PLS-DA and OPLS-DA were used
for model analysis and statistical tests. Differences in metabolites between treatment groups were compared using the P-value
in t-tests, VIP-values and fold change. Significant enrichment pathways of differential metabolites were screened using KEGG
enrichment analysis. [Results] A total of 1 072 differential metabolites were identified. Among these, 674 significantly
increased, and 398 significantly decreased, during diapause. These were mainly phospholipids, lysophosphatides, amino acids
and their derivatives, and carbohydrates. KEGG pathway enrichment analysis indicated that there were significant changes in

the synthesis and metabolism of various amino acids, and in the tricarboxylic acid cycle pathway, indicating significant
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changes in, and mutual transformation of, energy-storing substances that improve cold tolerance during diapause.

[Conclusions] A preliminarily investigation of metabolic differences between diapausing and non-diapausing T. dendrolimi

prepupae sheds light on the metabolic regulation mechanisms and pathways regulating diapause in this species.

Key words Trichogramma dendrolimi; metabonomics; diapause; liquid chromatography-mass spectrometry; cold tolerance

PAEHIRHR ¥ Trichogramma dendrolimi s
JE M H Hymenoptera, Z[E\V.H Apoctita, /)
1% S8l Chalcidoidea , 7RHR ) Trichogrammatidae,
AR % )& Trichogramm, J& 3% [E W G Fil i) iz
BB RCR Bt IR A A ME RS R iz —, AT 34
Z R ARE BB, WY E K E Ostrinia
furnacalis, —fk¥ Chilo suppressalis, % H
Chilo suppressalis. fEZ\ M- 4% Cnaphalocrocis
medinalis Z5( X # A= M AL 1E , 1996 ; Wang et al.,
2014; Zangetal., 2021), ZRHRIEFE H ] 1) REiL
i [E]048 1h) 3 le  BROCEEE ], F e
R R Z B A PR R AR IR e, A8 R BRI R R
FH e DLk 31 B 4 3 HU AR o PRIk i R e 1 i A
Ry b SRR o T T AR e R O E
B9 ( Greenberg et al., 1996), AN TiEEH&
S HETAA B BRI T fe Az p= (o ) R 2
AT, I 1 AR AT DAE A 2R MR e 114 7
PRHM], R, AR s K, ]
At A BF 5% 28 W B BRI T DLAT 8508 i i IR e
P B, O IR L E T R RO MR R b
ZEMI (Smith, 19965 TKRARARSE, 2015). HET
[ PN A% T o HR e iy B I R B AR R R Y
e BHREOR . B SRR AAE T, {AXT
T B IRPERLE AR T REM T CRRARSE,
2018).

R4 2= ( Metabolomics) & R EW2=h
R AR — 1228, AEX AR Py 2R A
BEAR B N IR /NG T R A T 2 P R E i AT
DL 22 AR i O 4 s A= ) R e TR st
BRI L TP 2 A [ ( Dettmer et al., 2010;
Hayward et al., 2014). HRATCO X ZMERHE
AR A AT E 5, B L4 WK &R
Sitodiplosis mosellana A& P AYHESEME . Hl L
R N IR iR B HUA R 2 ( Huang
et al., 2022); 7EFHE KM Bactrocera minax
B MW, 2825 = RRIGAMY) LA W

A, WATEEIR . AiAabE . RS ( FAESE,
2019); HiEE AL Aedes albopictus 72 A4 AR
WY, A 84.7% F L IREHEAC YR E T

“Bg BT A28 4T 7 ( Batz and Armbruster,
2018), X ELAE U & R AR B BB AAAE
EESWAUY, TREAERE AR 2 R AL RR IR |
FRAR AR 0 AE o WA 35 - BT ( Liquid
chromatography-mass spectrometry, LC-MS ) H
A mor PR R R RAE L
R AR N )2 HACR S ny AR 4 2
MRBEARZ — (FEESE, 2007), AR
BRI XS, i LC-MC BRI E
il ( Diapause prepupa, Dpre) S53Ei & il i

( Non-diapause prepupa, NDpre ) Gl =412
S, AN E R IR B LI A S AR — e 1Y
FER PR B

1 #MB5ERZE

11 #ulER

(N ERE S i < P N E Il N S T )
(N43°12', E127°56") , T3 T Ml K2aak
B ACLE B AW T . INERR I 27 32, 78
B (261 ) °C. FHXHERE 70%+£5% . JEJE A
16L : 8D &M T ZE SR LTRSS,

FEARDE: RIS MAKEE, £ (25+1)
CHM T AR ZHEHEIEE, H 0.1%H i
IRKIEICETE 10 min J5 BT

12 H@mEE

BB AR . DFERII N, 7F
(26 £ 1) °C. HHAHBE 70%+5% ., 2=HAKE A4
TN 8 h s LBREREE, IR (26+1) °C. AH
XREE 70%+5% . JEJEHH 161 @ 8D 4% Uk
EBEEGRPEY, BEETEE (12¢1) °C.
FHXHREE 70%+5% ., BB TS 30 d &
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ROEMBERE BEALEFAT (F2.1.1)6-7d
Je ATy 452 B AE TOUMH 0 S PRk 2L R B B9AME R R B
HEAMTERAE] JFIA - 80 CUKFATRAT -

i E BRI, [F 1.1, ZH S0
WIBCRE, RESLET - 80 CUKARIRAT

1.3 RAARLEE

KA. HEE, BRR. K. 2. L2-E0EN
R LysoPC17 = 0 (48 BifgA: TAY) TR
AR FD,

10 4 A SRR PRI A (IR oK
W& JEABRA T, B BEERIL (TR A
YRR RA T, G mEEHEE O (L
PRGBS DML AT R R, WA £33 T i 1
AL CAB Sciex), i ( Waters 186003540,

2.1 mmx150 mm),
14 EWHE

141 HEARAIE PRI 30 mg BEA, JiIAFH EEK
YR [CH30H : HoO (V : V) =4 : 1] 400 pL F1l
A EEE S A 0.3 mg/mL L-2-F KN &AM .
0.01 mg/mL Lyso PC17 : 0 4% 20 pL; [a] Fic & 411
WA 2 AS/NNER, BT - 20 CH%
2 min, 60 Hz HFEE 2 min; #K/KIEH A8 $REHL
10min J5 & T - 20 CE'® 20 min; 4 °C,
13 000 r/min &5.0> 10 min [5H 300 pL |5 W%
T, 400 uL HEE-7K (V1 V=1 :4) B¥, A
JiEPRT 30s, A 2 min; 4 °C, 13 000 r/min F5-
WE L 10 min J5HL 150 pL BWE W, H
0.22 pmol-L ™" A HLAHEfLid DRt g, FR 3
LC #EFE/MI, - 80 CFERAF, HF LC-MS 4
Bro BiFEAEA (Quality control, QC ) i Fr A FEA
PRI SR RUR G & e, 81> QC AR K
FEAMFE . HAFEMER 10 K.
142 #HHEBE-RESHEE (1)OERN:
3R 100 mm x 2.1 mm, 1.8 pmol-L™'; A
45 °C; WishH: AK (5 01%HER ) , B-&JF
(& 0.1%HHR ) ; W : 0.4 mL/min; JEFEMARFR .
SuL. VEMRESEEMNR 1.

(2) BB A FES BTIEAE SRR 73R
IEfEFRMRE, FUESHnE 2.

x1 EHEEE
Tablel Elution gradient

fE (min)  WshHH A (%) WA B (%)
Time (min) Mobile phase A (%) Mobile phase B (%)
0 95 5
2 80 20
4 75 25
9 40 60
14 0 100
16 0 100
16.1 95 5
18.1 95 5

x2 RIESH
Table2 Massspectrum parameters

st =3 Uir-=g
il B TR

Mass spectrum parameters ostive Negatlve
on on
% 4kS Nebulizer gas (GS1, PSI) 55 55
B, Auxiliary gas (GS2, PSI) 55 55
K% A Curtain gas (CUR, PSI) 35 35

=2 A yE pE

AL 550 550

Ion source temperature (°C)
TR TR Ton spray voltage (V) 5 500 4500
e NN

. . 80 - 80
Declustering potential (DP, V)
TR O 70-1 000 70-1 000
Mass scan range (TOF MS scan)
REACAE o 10
Collision energy (TOF MS scan, eV)
PRI L . 50-1 000 50-1 000
Mass scan range (Product ion scan)
filf 4% fiE
Collision energy (Product ion scan, 30 30
eV)
F FUMFAL R

550 550
Interface heater temperature (°C)

15 HESH

FEF AR AR A2, 45 AT AR Ak
PRERMF Progenesis QI, X JFLif B0 #E 4 T hr e AL 1
AEFR, FEXT AR EE AT E M SR XS R =T o
i 3 T B 1 343 ( Principal components
analysis, PCA ) SRMLEEAHEAS Z [] (1) A 534 il
A HT I R AR E P, SRS T I ) i e/ )
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TR Hr (Partial least squares discriminant
analysis, PLS-DA ) J1F 2 fii 5 /> — 3 i 43 Ay

( Orthogonal partial least squares discriminant
analysis, OPLS-DA ) ¢ [X 5345 4[] A G 8 J58 114 A5
RS, BN 2EFAEY . @il VIPHE,
tRRE Y PRI B 22 5747 %% ( fold change, FC ) 3K
FeBe P2 0] 2 S A ) o ik Bz R AR 5 R A
P ZH 1) 2 S AT HEA T AR S 20 A Jl i 22 AR
I KEGG 1D JEA7IE B8 & 400, I R
JUAwp A 565 i 76t 9 2H 8] 22 S A QI 0 3
T

2 GREHSH

21 ERERSGH

WL s> (PCA) AT B R IR IR &
20 5| T 2 AR T e A Qi 2 e, PR
Ay B RERST, BRTE 95% EAS X N, VLT A
HEEMBFARAEREZES (B 1: A) .

T de/N — 3 ( PLS-DA ) hil Ar4H 78
i, A[PREN PCA LR R . il i,
PILLREA > B Rl HLARAE 95% B 5 X |,
X m 2R (R2X) (cum) 4 0.749;
Y Hho7 A 2R (R2Y ) (cum ) FIFH
WA (Q2) (cum) 435Ik 0.997 F1 0.994,
1, U A SR F AR AR EE S

= Dpre a NDpre

= Dpre a NDpre

HUER S B (B 12 B) o IE R/
Feiz:srHr (OPLS-DA ) BERETE PLS-DA [#AEfil
FHATIEIE, UERR S EE BTN, R
TR AT RE D A R, S R Akt ™ AR
RN [ AL 0 =z [ ) 22 5 oSy, W a4l
SR E HEBLE 95% B 7 XA N, HAAAE I 3 22
5, R2X (cum) . R2Y (cum) Fl Q2 (cum)
43510 0.749, 0.997, 0.993 (& 1: C) . B
IEEERLE LA, R 7 IRIEHAC BEAIE ( 7-fold
cross validation ) A1 200 X W J; HE ¥ K 56
( Response permutation testing, RPT ) 7k
BRI ) [T . OPLS-DA R HEF G5 (8]
Q2ER2ZTF, H Q2 WIMIHELS Y iz T
el (Q2<0, 4 -0.532) , TiBARRIFE Al 4¢
(K2) .

22 #WEERNEWHIE

il t K25 ( Student’s t-test ) Fll2E A5 44
Bt (Fold change analysis ) W] FLA iy & 41 FE
i A L 22 AR Y . R JOLET P
{8 F1 2 57 2 K545 % [log2 fold change, log2(FC)]
XF 25 AR Wy R AR o A A AT AT LA, W]
FITENE WINA 13 388 MUY B Fi,
13 700 2 Rl (P<0.05) ; A4 1264 MY
WYL EES (K3) .

HR A& OPLS-DA FEAYSE — i3 1) VIP {E>1

= Dpre a NDpre

~ PCA PLS-DA OPLS-DA
100 2000 | 2000 |

" K\ 1000 - " \ 1000 - ' \

— = A — s ] :

S0 i A S0 . "}‘; Z 0 . &

L ]
-50 _\\:\/ -1000 ~ ] / -1 000 | .l j
— 00 I I I _2 000 C1 I I 1 -2 000 Cu I I L
—-400 —200 0 200 400 -6000 —3000 0 3000 6000 -6000 -3000 0 3000 6000

t[1]
R2X[1]=0.689 R2X][2]=0.043
Ellipse: Hotelling' T2 (95%)

t[1] t[1]
R2X[1]=0.668 R2X[2]=0.081
Ellipse: Hotelling' T2 (95%)

R2X[1]=0.659 R2Xo[1] = 0.0908
Ellipse: Hotelling' T2 (95%)

B1 ARSHAERTE
Fig. 1 Scoreplotsof different analysis methods
A.PCA #3rl; B. PLS-DA 1347 &; C. OPLS-DA 1371141,
A. PCA score plot; B. PLS-DA score plot; C. OPLS-DA score plot.
Dpre: #if & Wil Diapause prepupa; NDpre:3E# & 7§ Non-diapause prepupa.
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] . Q2
-1r R2=(0.0,0.463)
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0 025 050 075  1.00
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Fig. 2 Thevalidation plots of OPLS-DA

30F + FVAZA Down-regulated
B 3EFIK Not-significant
AR Up-regulated

[ 3%}
S
T

—
(=}
T

—Log10 (P-value)

, , P-vajue=0.05
-10 0 10
Log2 (FC)

B3 =RKiEHALE
Fig. 3 Volcano map of differential metabolites

BABRAE D ZR Y, ORI E
3 B2 A, I AR B TR 2R
WY, RO W3 22 AR

Each dot represents a differential metabolite, red represents

the differential metabolite significantly up-regulated in the
experimental group, blue represents the differential
metabolite significantly down-regulated, and gray

represents the non-differential metabolite.

Ktk g P<0.05 SAARiEIL IR EEH 1 072 Fh 2 5
AR, R T T BURE AR 8] ) 96 2R AR i
VIR B AR B Z iRk 2257, T T 2R
RENPT. B RIACRAES, G RIARAR
Y, RIS TR IARFAR M . oA 674 Fh
RGP Fei B e Rk, 398 F R IA.

WEH S EAMLL, B AYLELE
Y. AULRRIEY . AU . AR E DY) .
DS E AR B 45 ok 2 225 AR, Hoh BR2E)
TR R AR HIEEG . S IBERR . BEREAE . AR

e . EMIEE . HymiElES, ARG A
FEAKALE Y . RS 2 I0RESE ; APLAE A
V) FEALSE ORI . EON | MILRE | WEME | BERE )
WS APLRR Y s = 5 . 2k, RIR .
BREmRE (B 4) o B4 VIP(E, &R
SIHET S0 FACEY, BE LIHRIEMRKEZH
Wi, W PE[18 : 1(9Z)/0 : 0]. ¥ Im#EAg, o
LysoPC[18 : 1(92)] . JEil& , 4 Gamma-linolenyl
carnitine ZEJEW) T 4R %%, U0 L-Valine. Jifi
Z IR, U D-Proline, 422 MR, I L-Isoleucine
FREIEMBYIT; WETHRIEN NIEEY
Fr, HA LR oh#EIEZE, n PS[18 : 3(9Z,
127,15Z)/ 21 : 0], LysoPE(16 : 0/0 : 0) (K 5) .
J- B FH B2 R 2% AH ¢ R #L ( Pearson correlation
coefficient ) 7347 22 7 ZRIKHT 50 MIACEIHIAH G
(Ele6) .

23 WEERNKGERE

XA T H iR IR e =l i R T 1Y) 22 S
1T KEGG &4, HHRH] 116 Fh
Ry, wHER 74 Faapk. Hrh, 7 %A
WM E MARE B R ER R E 27

(P<0.01) , HIHABE-RNA 4P 5 K
( Aminoacyl-tRNA biosynthesis ) , 75255/l
Yo M. @EMIPEY S (Biosynthesis of
amino acids ) , F2ZSEY 14 F . ABC ¥z
¥ (ABC transporters ) , 2554 12 7
2 B ( Galactose metabolism ) , &2 34
W 6 Fh . RN R, 2R AN B2 R A=) & L
( Phenylalanine, tyrosine and tryptophan
biosynthesis ) , &2 FCEY 5 F . AR
( Tryptophan metabolism ) , 7 2= 554 8 Fir
WA, seAMRMFEAREY G M (Valine,
leucine and isoleucine biosynthesis ) , £ 2= 5/
Y4t 7 SACHTE AR B AR B AR A
TEREES (P<0.05) , IRz RELAGHEG A 4
Y14 1. ( Pantothenate and CoA biosynthesis ) ,
B 22 A Y 4 P I Carbon metabolism ),
TESAMEWY 9o M. 2-FA MR KRG
( 2-Oxocarboxylic acid metabolism ) , &St
W 10 F | A& ( Histidine metabolism ) ,
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D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 N1 N2 N3 N4 N5 N6 N7 N8 N9 NI10

B4 =SKEURESTE
Fig. 4 Heatmap of differential metabolites
BEARARRRAEAR 24T, YRR R 22 5 AW . B SR B 202 AR M ) 2208 F 2 AR 7
RBR £ 3278 22 S AR AR F B BGS . DI-D10: #iFE4l; NI-N10: AEiE 4.
The abscissa represents the sample name, and the ordinate represents the differential metabolites. Color from green to red

indicates the expression abundance of metabolites from low to high, that is, the more red indicates the higher expression
abundance of differential metabolites. D1-D10: Diapause group; N1-N10: Non-diapause group.



o B 3244 Chinese Journal of Applied Entomology 60 %

PS(18:3(9Z,12Z,15Z)/21:0)
PE(20:3(8Z,11Z,14Z)/19:1(9Z))
LysoPE(16:0/0:0 2
1-(2-methoxy-6Z-heptadecenyl)-sn-glycero-
3-phosphoethanolamine 1
LysoPC(16:0)
DG(18:3(9Z,12Z,15Z)/18:3(9Z,12Z,15Z)/0:0)
PC(16:0/20:3(8Z,11Z,14Z)) 0
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PE(18:0/0:0) -1
PE(16:0/0:0)

PC(16:0/18:3(6Z,9Z,12Z)) -2
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PC(18:2(2E,4E)/0:0)
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PC(16:0/22:6(42,7Z,10Z,13Z,16Z,19Z))
L-Isoleucine
P1(20:5(5Z,8Z,11Z,14Z,17Z)/0:0)

ZM 336372

Glycerophosphocholine

Zeanoside B

alpha-Linolenic acid

Palmitoleic Acid ethyl ester
N-(1-Deoxy-1-fructosyl)valine

Inosine

D-Proline

1-Pyrroline

L-Valine

Zeanoside C

Indoleacrylic acid

(%)-erythro-Isoleucine
LysoPC(18:3(9Z,12Z,15Z))
LysoPE(18:3(6Z,9Z,12Z)/0:0)
LysoPE(18:1(11Z)/0:0)
1-Oleoylglycerophosphoinositol

a-ESA

PE(18:3(9Z,12Z,15Z)/0:0)
LysoPE(0:0/18:2(9Z,12Z))

PE(18:1(9Z)/0:0)

Gamma-linolenyl carnitine
LysoPC(16:1(9Z))

PI(18:1(92)/0:0)

PI(18:3(9Z,12Z,15Z)/0:0)

OG-PE

LysoPE(0:0/18:1(11Z))
LysoPE(18:2(9Z,12Z)/0:0)
LysoPE(18:3(9Z,12Z,15Z)/0:0)

D1 D2 D3 D4 D5 D6 D7 D8 D9D10N1 N2 N3 N4 N5 N6 N7 N8 N9N10

B 5 Top50EZRNKiFMEELSITE
Fig.5 Top 50 heatmap of differential metabolites

T2 5 B, RMRIEIF (TCA cycle) ,
TEFUY 3 B PG PEBCAR Z AR TAR
( Neuroactive ligand-receptor interaction ) , %22
S 5 B BRI AAE B AGE-RAGE
5 7 il % ( AGE-RAGE signaling pathway in
diabetic complications ) , 5 Z AR 2 F (K]
7, K8) .

3 itig

AT 5T K PR B R AR R W A i 7 AR
RET R RIS AEES, 2R £ 2
WG MBERE . HImMBEG . IEImR . &AL . i
KB YT, KEGG i % & 553 s 2 Fh a5
R A B L ARG A — R RGP A58 A A 1 35 25

S, IR L) BT ) B A A B AL AT RE RN B
R IR WA i ok AR P AR IR P R A
WERE AT A i B AR N BE 2SR, W] 4 i
AT Z—, BB S IRE LSS, f5H 40
BBRACH . BRI ARERE KERELES
(Nagao and Yanagida, 2002) , AF5EH, ¥ir
B E R IRIR R N ) —2E PI ( Phosphatidyl
inositol, G MEALESE ) . PC( Phosphatidyl choline,
WERRIEARGL , 4 DP#EAE ) . PE ( Phosphatidyl
cthanolamine, WENRMECEERE, X4 MiWERE ) .
PS ( Phosphatidyl serine, BfgME22% R ) . PA
( Phosphatidic acid, BEIRIR ) ¥ W& & T E
2., 1A% Bombyx mori FRFSE i & 31, Hifdk
INIWERE & e ST FEME IR L (RKVE, 1989) .
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B A 5 12 185 00 T RETE AL 6 M 2R HIR e i 7 e o
S B 2 BT R AR L AL N A i TR) Y R A
i, DA S R TR T o ¥ I i 2 K WA
K AR A S, Bk TR, S RER
T LB IR 55 240 e 42 fh B P LA 4% i B %) 97 50 12

( Birgbauer and Chun, 2006 ) . ¥ HU R HR A
W — S35 I B K, 40 LPI ( Lysophosphatidyl
inositol, ¥ MBEAEHENLEE ) . LPC( Lysophosphatidyl

choline, #IMN#EASE ) . LPE ( Lysophosphatidyl
cthanolamine, ¥ LA ) . LPA ( Lysophosphatidic
Acid, W IMBENERR ) 7Edr FIAME B2 B, X5
25 AR I % Lysiphlebus teataceipes AYHTSY
SEAURRARL, DRI Il A 3 in T B 23 1 o
i T IR MR e A PR 48 LB ) it s, AT B 1Y)
W RAREPAE (X8, 2020 ) o @B T
ANV RIRR 107 R 1) L A9t AT LA 1 JEE 5 JRE 2, 1 1)

9 g
=3
28 Sy §
| ¥ 5 9
g N oE 5 5 3 g
4] LI v — <} ar
£ 2308 38.2 8§ &8
IS N5 = ENZS % QN SON
) 7 288 LEONZE BY =8
§ 5 Ea8Y FEY¥2F NEgESey ENY
N % ot & g2aa=8 =3 S =&
N REE= & sce 2 NN S
& -2 Q oo 28 SE g ST
2 JZI X S : § CEE 2 _ o0 $0 =& m@EE
E CEEELE SBER EaEsEEnainish
g 2’ s g gﬁjjsq“ﬁﬁgﬁ S 8» ES
=& 38 T~ SA A O TR RO T 1.0
PS(18:3(9,122,15Z)/21:0) (@ @] DLl CCCL LTIl r .
PEQ0:3(87,112,142)19:192)) | | C[C| 19/0/08 0o 00808000 880066
LysoPE(16:0/0:0) [@ISI ] O L [c[00@ e g es oo
@ methory 2 soen 3. o' sggeus! ALLEL S LR
LysoPC(16:0) (@ Lol il 'oe 44 0.8
DG(18:3(9Z,12Z,15Z)/18:3(9Z,12Z,15Z)/0:0) |©10) 08 [ L L .
PC(16:0120:3(8Z,11Z,142)) |@ LDCLCL( [ 44 10
Insignin A CDDLCLLL A _h |
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Fig. 6 Top 50 correlation analysis of differential metabolites

OB ACRIEMSE, OB AR,

RZAN, 75

(58] A5 B AR A S (4 4 X (BB 1,

FES MU P>0.05,

Red dots represent positive correlation, blue dots represent negative correlation. The larger the dot is, the closer
the absolute value of correlation is to 1; otherwise, the smaller the dot is, the blank part represents P>0.05.



- 1344 - L L HL 244 Chinese Journal of Applied Entomology 60 &

—Log10 (P-value)

7 RigtEREEE
Fig. 7 Enrichment map of metabolic pathways
LR P<0.01, SEfERP<0.05, HHABEER

Red represents P < 0.01, green represents P < 0.05, both have significant differences.
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Fig. 8 Enrichment map of metabolic pathways
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Rich factor respresents the number of distinct metabolites/the number of total metabolites in the pathway.

The greater the enrichment factor, the greater the enrichment degree. The color from red to green indicates that
P-value gradually decreased. The larger the dot, the more metabolites enriched in the pathway.
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TXANRLFI AR T R 164 T AT 58 2 14 i A4 il 5 e
EAMES, Mmfem R R mdiiitt ( Michaud
and Denlinger, 2006; Vukasinovié¢ et al., 2015 ) .
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